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The possibility of providing a suitable light dark matter candidate below
40 GeV is another very attractive feature of the NMSSM. The dark matter candidate needs light Higgs funnel to annihilate efficiently in the early
universe, and as a consequence, light Higgs state is predicted. The rich spectrum of light dark matter and light Higgs boson(s) lead to very interesting
phenomenology at colliders and dark matter experiments. Such possibility
has been discussed recently in Ref. [1] in details, especially the rich Higgs
phenomenology in Ref. [2]. In this section, we propose two NMSSM benchmarks to demonstrate such possibility and hope to inspire further studies on
this scenario. 1 In this note, we chose two benchmark points, BP LDM1
and BP LDM2 with Singlino-like and Bino-like DM candidate respectively,
to exhibit different features of the NMSSM phenomenology.
Parameters and Higgs phenomenology:
The benchmark parameters and Higgs properties are listed in table. 1.
Both benchmarks can be viewed as the heavy Higgs decoupling limit of the
MSSM plus a singlet, and consequently we only list the light Higgs bosons
properties.
For BP LDM1, this benchmark enables two very singlet-like Higgs bosons
below 100 GeV. They will contribute to the corresponding DM phenomenology. The SM-like Higgs around 125 GeV is the second mass eigenstate of the
CP-even sector. The light Higgs bosons mainly decay into bb̄ through their
small mixing with the Higgs doublets. The SM-like Higgs has modified couplings and branching fractions to corresponding SM final states. In addition,
1

The benchmark point is calculated using NMSSMTools4.6.0 [3, 4], with default options
on Higgs mass, H −→ V ∗ V ∗ on and MicrOmegas [5] fast computation off.
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Parameters
tan β, λ, κ
mA , Aκ , µef f (GeV)
M1 , M2 , M3 (GeV)
At , Ab , Aτ (GeV)
MQ3 , MTR , MB3 (GeV)
ML3 , MτR , MSU SY (GeV)
mH1 , mH2 , mH3 (GeV)
mA1 , mA2 , mH ± (GeV)
|SH1hs |2 , |SH SM hV |2 , |PA1 aV |2
Properties
κbb , κτ τ , κtt
κW W/ZZ , κγγ , κgg
Brbb , Brτ τ , Brgg
BrW W , BrZZ , Brγγ
Brcc , BrH1 H1 , Brχ̃01 χ̃01
Properties
κbb , κτ τ , κtt
κW W/ZZ , κγγ , κgg
Brbb , Brτ τ , BrA1 A1
Properties
κbb , κτ τ , κtt
κγγ , κgg
Brbb , Brτ τ , Brχ̃01 χ̃01

BP LDM1
11.9 0.283 0.0253
2340 -85.4
204
500
1000
3000
3790
0
0
972
3000
2000
3000 3000
3000
19.1
126
2340
73.2 2340
2340
0.989 0.989 4 × 10−4
SM-like H2
1.02 1.02
0.99
0.99 0.99
0.99
0.51 0.057
0.047
0.19 0.024 0.0020
0.023 0.13
0.010
Singlet-like H1
0.12 0.13
-0.11
-0.10 0.16
0.060
0.89 0.077
—
Singlet-like A1
-0.23 -0.23
-0.002
0.30 0.057
—
0.90 0.094
—

BP LDM2
12.9
0.0730 0.0645
2540
-6.4
244
34.6
1000
3000
3990
0
0
1972
3000
3000
3000
3000
3000
125
430
2480
65.7
2480
2480
−4
1 × 10
1.000 8 × 10−6
SM-like H1
1.00
1.00
1.00
1.00
1.00
1.00
0.55
0.060
0.051
0.19
0.023
0.0021
0.025
—
0.10
Singlet-like H2
0.068
0.069
0.010
0.011
0.034
0.010
0.0007 0.0001
0.85
Singlet-like A1
-0.035
-0.036 -0.0002
0.066
0.010
—
0.88
0.090
0.027

Table 1: Benchmark parameters and Higgs masses, couplings and decay
branching fractions. κs are the relative coupling comparing to the SM Higgs
at the same mass.
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new decay channels into H1 pair and χ̃01 pair are open with up to around
10% branching fractions. Notably, in addition to the light A1 , H1 can also
be very light. Once observed such a bb, τ τ, µµ resonance state, it might be
very interesting to test its CP nature.
For BP LDM2, this bencharmk features one very singlet-like CP-odd
Higgs below 100 GeV. The SM-like around 125 GeV is the lightest mass
eigenstate of the CP-even sector. The second mass eigenstate of the CP-even
sector has its mass 430 GeV, being very singlet like and the direct production
rate from glu-glu-fusion, associated production are very suppressed to be below 1% of the SM rate. This singlet-lile H2 features interesting dominant
decays into a pair of A1 , which can lead to interesting 4b/2b2τ /4τ resonance(s) states to be searched for. Notably, both the SM-like Higgs H1 and
the singlet-light A1 has several percent branching fractions to the DM candidate, indicating the importance of invisible decay searches for both Higgs
bosons.
Dark matter phenomenology:
The LSP singlino-like DM candidate in BP LDM1 and Bino-liket DM
candidate in BP LDM2 annihilate resonantly through the lighter CP-odd
singlet-like Higgs in both benchmarks. This light CP-odd singlet-like Higgs
A1 serves as a portal connecting the dark matter to SM sector through its
mixing with the doublet Higgs. Despite the doublet component of A1 is very
little, as indicated in table. 1, the role of this component is crucial for DM
phenomenology. For BP LDM1, A1 decaying to LSP pair is kinematically
forbidden. For BP LDM2, A1 decay branching fractions to LSP pairs is phase
space suppressed to be 3%.
Since the µef f parameter is not so heavy in the NMSSM, the DM candidate will have some fraction of Higgsinos, which can induce detectable Z
boson invisible decay width at future Z factories. The non-singlino component of the LSP affects the DM phenomenology as well. In table. 2, we
tabulate properties of the corresponding DM candidate.
The direct detection rates of these DM candidates are mediated mainly
by the CP-even Higgs bosons, and are not yet probed fully by current experiments. The low velocity annihilation cross section heavily depends on
the kinematics. For BP LDM1, the DM mass is slightly above half the nearresonant mediator A1 mass, leading to a relatively enhanced annihilation
rate at low velocity. This enhanced annihilation rate is in tension with current bounds from astrophysical observations, such as diffusion spectra from
dwarf galaxies at Fermi-LAT experiment. For BP LDM2, on the contrary,
3

DM Properties
mχ̃01 , mχ̃02 , mχ̃03 (GeV)
mχ̃04 , mχ̃05 (GeV)
|N1 s̃|2 , |N1 h̃u |2 , |N1 h̃d |2
|N1 B̃|2 , |N1 W̃ |2
Ωχ̃01 h2
σpSI (pb)
< σv > (v → 0) (cm3 /s)
χ̃01 χ̃01 → bb̄
χ̃01 χ̃01 → τ + τ −

BP LDM1
36.7
207
218
501
1050
—
0.943 0.001 0.055
0.0005 0.0004
—
0.113
2.11 × 10−11
1.15 × 10−25
91%
9%

BP LDM2
32.3
251
256
444
1050
—
0.00002
0.01
0.03
0.968 0.00002 —
0.120
1.99 × 10−10
4.73 × 10−30
87%
8%

Table 2: The LSP DM candidate properties and related detection cross sections.
the DM mass is slight below half the near-resonant mediator A1 mass, leading to suppressed rate at low velocity. We also list the main annihilation
channels at current epoch in table. 2, and the strong preference into downtype fermions is a direct result of tan β coupling enhancement in the CP-odd
sector. Interestingly, with appropriate choice above DM mechanisms, benchmark similar to our choices can serve as a good candidate for the galactic
center gamma-ray excess.
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